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METHOD FOR PRODUCTirN OF HOLLOW FIBER MEMBRANE 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

This invention relates to a method for the produc- 
tion of a hollow fiber membrane. More particularly, it re- 
lates to a method for the production of a hollow fiber mem- 
brane, which method stably provides a hollow fibt»r membrane 
with an Improved inner surface behavior. 
Description of the Prior Art: 

In recent years, numerous kinds of hollow fiber mem- 
brane have found utility in various fields. For example* in 
the therapy of artificial dialysis for patients of renal 
failure, the hollow fiber membrane such as of regenerated 
cellulose, particularly cuprammonium regenerated cellulose, 
has found growing utility as the dialyzer, i.e. a permeable 
membrane, and has been manifesting highly desirable clinical 
effects due to ^Jtstanding dialyzing property and mechanical 
strength . 

In terms of the surface behavior, however, this hol- 
low fiber membrane can hardly be regarded as fully meeting 
the purpose o* use. In the artificial dialysis mentioned 
above, for example, the hollow fiber membrane induces coagu- 
lation of blood and activation of complement, for example, 
though variably with the kind of the membrane. When the 
hollow fiber membrane to be used happens to be of the type 
using a regenerated cellulose which is less susceptible of 
these phenomena, it has a high possibility of entailing such 
secondary reactions as the so-called transient hemodialysis 
leukopenia, i.e. a phenomenon of transient abrupt decrease 
of leukocytes immediately after the start of dialysis. 

In the use of the hollow fiber membrane of this 
sort, therefore, the practice of modifying the surface be- 
havior thereof to meet the purpose of use has been in vogue. 
This modification has been often attained by various chemi- 
cal treatments such as treatment of the produced membrane 
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with a chemical or a coupling agent, deposition on the mem- 
brane of a polymer derived from a corresponding monomer, 
grafting of the membrane surface, and treatment with a sur- 
factant or by various physical treatments such as exposure 
to ultraviolet light and treatment with plasma. More spe- 
cifically, for the modification of the surface of a regener- 
ated cellulose membrane, the method which comprises chemi- 
cally binding an isocyanate prepolymer to the surface of a 
produced membrane (Japanese Patent Laid-Open SHO 61(1986)- 
8,105) and the method which comprises coating a produced 
membrane with a homopolymer of a nitrogen-containing basic 
monomer cr a copolymer of the monomer with other monomer 
(Japanese Patent Laid-Open SHO 6 1 ( 1 986)-**3 f 375 ) have been 
proposed. These methods, however, suffer from poor oper- 
ational efficiency because the treatments for surface modi- 
fication are performed after the production of membrane. 
Moreover, the fact that the membrane has a peculiar form of 
hollow fiber contributes to the handicap on these methods. 
The effects of the treatments performed by these methods, 
therefore, have room for further improvement. 

The idea of attaining the surface modification by 
the use of a modifying agent incorporated in advance in the 
spinning dope ready Tor molding of the membrane has been 
conceived. For example, for the modification of a regener- 
ated cellulose membrane, the method whioh oompriaea incorpo- 
rating in the spinning dope, in addition to the cellulose, a 
cellulose derivative posjessing such a substltuent as dial- 
kylaminoalkyl, carboxyalkyl f sulfoalkyl, sulfoaryl, phos- 
phonate alkyl, or sulfonate aryl for the purpose of prepar- 
ing a modified cellulose possessing a fixed degree of sub- 
stitution and molding the spinning dope into a. hollow fiber 
membrane has been introduced to the art (Japanese Patent 
Laid-Open SHO 6H 1986)-n3, **59) . The method which effects 
the surface modification by the incorporation of a modifying 
agent in the spinning dope as described above, however, is 
deficient in selectivity of the modifying agent and can 
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hardly be regarded as sufficient in membrane -forming property 
and in effect of the treatment. Further, the method of this 
kind effects the modification not only on the surface of the 
hollow fiber membrane but also throughout the entire mass of 
the membrane and still has the possibility of degrading the 
physical properties of the hollow fiber membrane. 

A feature of this invention, therefore, is to provide 
a novel method for the production of a hollow fiber membrane. 

Another feature, of this invention is to provide a 
method for the production of a hollow fiber membrane, which 
method permits stable production of a hollow fiber meubrane of 
a modified inner surface behaviour. 

A further feature of this in*, '♦ntion is to provide a 
method for the production of a hollow fiber membrane, which 
method produces a hollow fiber membrane of an improved inner 
surface behaviour with high operational efficiency and high 
economy. 

SUMMARY OF THE INVENTION 

The invention relates to a method for the production 
of a hollow fiber membrane by the steps of discharging a 
polymer spinning dope through an annular spinning nozzle and, 
at the same time, introducing a non-coagulating liquid for the 
spinning dope into the central cavity in a hollow fiber of the 
spinning dope being discharged, arid then introducing the 
discharged fiber of the spinning dope into a coagulating liquid 
thereby solidifying the discharged fiber into u hollow fiber 
membrane, which method comprises incorporating a surface 
modifying agent having both a hydrophilic moiety and a 
hydrophobic moiety in the non-coagulating liquid thereby 
modifying the inner surface behaviour of the produced hollow 
fiber membrane. 

The features described above are accomplished by a 
method for the production of a hollow fiber membrane by the 
steps of discharging a spinning dope through an annular 
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spinning norzle and, at the same time, introducing a non* 
coagulating liquid for the spinning dope Into the central 
cavity In a hollow fiber of the spinning dope being dis- 
charged, and then introducing the discharged fiber of the- 
spinning dope into a coagulating liquid thereby solidifying 
the discharged fiber into a hollow fiber membrane, which 
method is characterized by incorporating a surface modifying 
agent in the non-coagulating liquid thereby modifying the 
inner surface behavior of the produced hollow fiber mem- 
brane, and further immersing the solidified hollow fiber 
membrane resulting from the treatment for solidification in 
an organic solvent exhibiting compatibility to both the non- 
coagulating liquid and the modifying agent. 

This invention also discloses a method for the pro- 
duction of a hollow fiber membrane, wherein the polymer for 
forming the hollow fiber membrane possesses a hydroxyl 
group, an amino group, or a carboxyl group. This invention 
further discloses a method for the production of a hollow 
fiber membrane* wherein the polymer for forming the hollow 
fiber membrane is regenerated cellulose. This invention 
further discloses a method for the production of a hollow 
fiber membrane, wherein the modifying agent is a compound 
containing a fluorine atom or a nitrogen atom. This Inven- 
tion further discloses a method for the production of a hol- 
low fiber membrane, wherein the modifying agent is a com- 
pound possessing an epoxy group or an lsocyanate group. 
This invention further discloses a method for the production 
of a hollow fiber membrane, wherein the modifying agent is a 
compound incorporating therein both a hydrophilic moiety and 
a hydrophobic moiety. This invention further discloses a 
method for the production of hollow fiber membrane, wherein 
the non-coagulating liquid contains a hydrophilic organic 
solvent and /or a surfactant. This invention further dis- 
closes a method for the production of a hollow fiber mem- 
brane, wherein the hydrophilic organic solvent is a lower 
alcohol. Thi3 invention further discloses a method for the 
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production of a hollow fiber membrane, wherein surfactant is 
a nonionic surfactant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic crors section, of a typical ap- 
paratus to be used in the production of a hollow fiber mem- 
brane by a method as one embodiment of tnis invention, and 

Fig. 2 is an ESCA spectrum of the inner surface of 
the hollow fiber membrane obtained in the embodiment. 

EXPLANATION OF THE PRETEHHED EMBODIMENT 

This invention, in a method for the production of a 
hollow fiber membrane by the steps of discharging a spinning 
dope through an annular spinning nozzle and, at the same 
time, introducing a non-coagulating liquid for the spinning 
dope into the central cavity in a hollow fiber of the spin- 
ning dope being discharged, and then introducing the dis- 
charged fiber of the spinning dope into a coagulating liquid 
thereby solidifying the discharged fiber into a hollow fiber 
membrane, attains the modification of the inner surface be- 
havior of the hol.ow fiber membrane by the incorporation of 
a modifying agent in the non-coagulating liquid. This meth- 
od, therefore t is excellent in operational efficiency and 
advantageous economically because it has virtually no adver- 
se effect on the membrane-forming property during the pro- 
duction of membrane and because it effects the modification 
of the inner surface b«havior simultaneously with the forma- 
tion of membrane. 

The solidified hollow fiber membrane which results 
from the treatment for coagulation is further immersed in an 
organic solvent which exhibits compatibility both to the 
non-coagulating liquid and the modifying agent. The organic 
solvent dissolves the modifying agent present in the non- 
coagulating liquid and the resultant solution settles on the 
inner surface of the membrane and increases the change for 
the modifying agent to be bound with the inner surface. 
Thus, even a modifying agent susceptible of decomposition by 
an alkali or an acid, such as, for example, a modifying 
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then forwarded through a conduit 13 to the spinneret 25, and 
introduced and discharged into the central cavity in the an- 
nularly extruded fiber of spinning dope in. In the non- 
coagulating liquid 11 as the inner liquid, a modifying agent 
described specifically hereinafter is incorporated. 
Throughout the entire course of the spinning process, the 
inner surface of the annularly ixtruded fiber of spinning 
dope 14 is kept exposed to the modifying agent and modified 
by thi3 modifying agent. The membrane-forming property of 
the spinning dope is not substantially affected by the modi- 
fying agent because it is only the inner surface of the an- 
nularly extruded fiber of spinning dope 14 which borders on 
the non-coagulating liquid 1 1 that comes into contact with 
the modifying agent. The annularly extruded fiber of spin- 
ning dope 14 through the annular spinning nozzle still con- 
taining therein the modifying agen t -con ta i n i ng non- 
coagulating liquid 11 and remaining uncoagulated advances 
upwardly through the lower layer of non-coagulating liquid 
3. In this case, the annular fiber of spinning dope 14 
rises in the liquid »■ . virtue of the buoyance due to the 
difference of specific gravity from the non-coagulating liq- 
uid. 

Then, ,thi3 annular fiber of spinning dope 14 rises 
into the upper layer of coagulating liquid 4. It is de- 
flected by a deflecting bar 15 disposed in the coagualting 
liquid 4 and consequently allowed to pass amply through the 
coagulating liquid 4, then lifted out of the upper layer by 
a roll 16, and forwarded to the next step. 

In this case, ^ constant temperature circulating 
liquid 19 is supplied through a supply orifice 18 and dis- 
charged through a discharge orifice 20 so that the coagulat- 
ing liquid 4 can be retained at a prescribed temperature 
such as, for example, a temperature of 20° ± 2°C. The non- 
coagulatir.g liquid 3, after the use or during the replace- 
ment with a new supply, is discharged through a discharge 
orifice via a valve 22. At the same time, the coagulating 
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liquid «i after the <J3e or during the replacement with a new 
supply, is discharged through a discharge orifice 23 via a 
valve 2^. 

The method of this invention for the production of a 
hollow fiber membrane has been described with reference to 
the method of floatation of regenerated cellulose described 
in US Patent No, a, an*, 7 16. The method of the present in- 
vention is not at all limited to this particular manner of 
embodiment. Even with respect to the method for the spin- 
ning of regenerated cellulose, this invention can be em- 
bodied in various manners such as resorting to the method 
which comprises introducing a non-coagulating liquid for the 
spinning dope into the central cavity in the fiber of spin- 
ning dope and discharging the fiber through ar. annuiar spin- 
ning nozzle into the ambient air, the which, as disclosed in 
Japanese Patent Laid-Opo:i SHO 57 ( l 9S2 )-? 1 , ^05 and Japanese 
Patent Laid-Open SHo 57 ( 1 982 )-7 1 ,M 10 . comprises discharging 
the spinning dope into the non-coabulat ing liquid and then 
causing it to pass through the interface between non- 
coagulating liquid layer and the coagulating liquid layer, 
the method which, as disclosed in Japanese Patent Laid-Open 
SHO 57( 19Q2J-7 1 ,409. comprises directly discharging the 
spinning dopn Inno tho non-oongul At 1 n« liquid and th^n pann- 
ing it through the coagulating liquid, and .he rethod which, 
as disclosed * Japanese Patent Laid-Open SHO 57( i97fl2)- 
71,1111, comprises discharging tha spinning dope into an en- 
velope of the non-coagulating liquid and subjecting the dis- 
charged fiber to coagulation and regeneration. On the basis^ 
of the various well-known methods for the production of a 
hollow fiber membrane by the steps of discharging the spin- 
ning dope through the annular spinning nozzle and, at the 
same time, introducing the non-coagulating liquid for the 
spinning dope in the central cavity in the annularly extrud- 
ed fiber of spinning dope, and then introducing the annular- 
ly extruded fiber of spinning dope into the cragulating liq- 
uid thereby forming a coagulated membrane, the present in- 
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vcntion can be easily embodied by effecting the slight al- 
teration of adding a modifying agent into the non- 
coagulating liquid which is introduced in the central cavity 
in the annular!*/ extruded fiber of spinning dope. 

The polymer of which the hollow fiber membrane is 
produced by the method of this invention has no particular 
restriction except for the sole requirement that it should 
be capable of being coagulated an, J allowed to form a mem- 
brane by a process which comprises discharging a spinning 
dope through the annu.ar spinning nozzle and, at the same 
t.'.me. introducing the r.on-coaguiat ing liquid for the spin- 
ning dope in the inner cavity in -he annuiarly discharged 
fiber of spinning dope, and then introduction the annuiarly 
discharged fiber of spinning dope into the coagualting liq- 
uid. Although the hollow fiber membranes formed of various 
hydrophilic or hydrophobic polymers are embraced by this in- 
vention, the hollow fiber membrane of this invention is 
preferable tc be formed of a polymer possessing a hydroxyl 
group, an amino group, or a carboxyl group so that the sur- 
face modification with the modifying agent will be carried 
out advantageously. Particularly preferable polymers are 
regenerated celluloses such as cuprammoniun cellulose and a 
cellulose acetate. 

In the method of this invention for the production 
of a nollow fiber member, since the modifying agent is in- 
corporated in the non-coagulating liquid for the spinning 
dope, the modifying agent for the hollow fiber membrane 
formed of the polymer is only required to be capable of be- 
ing uniformly dispersed in the non-coagulating liquid. From 
a very rich variety of compounds, this modifying agent can 
be selected to as to suit the characteristic properties 
which are preferable to be imparted to the inner surface of 
the hollow fiber membrane to be produced. The compound to 
be used as the modifying agent which is particularly expect- 
ed to bring about a highly preferable action in the inter- 
face between the spinning dope and t u e non-coagulating liq- 



uid and adrere or bind satisfactorily to the inner surface 
of the produced hollow fiber rembrane and manifest prefer- 
able properties is desired to possess such -i reactive group 
as an epoxy group or ar. isocyanate group or combine a hydro- 
phi *ic -oiety and a hydrophobic noiety at the same tiae. 
For the treatment to be more effective, the modifying agent 
is desired to be a compound containing a fluorine atom or a 
nitrogen a ten. 

Specifically, the co-pounds which usable as the 
modifying agent cf the nature described above include 2- 
hydroperf 1-oroethyl give idyl ether, 

CHr 2Cr 2-0- :H:CH- :ii2 

\ / 



* . : . ? . 2 , .-,-pentahydroperf I'joroundccylenc- * . 2-oxide , 
C3F 17CK2CH-CH2 



,1*1 *2, 3. 3-pentahydrope:*f luorononylene- 1 , 2-oxide , 
C6F13CH2CH-CH2 



1 , 1 , 2, 2-tetrahydroperf luorodecanylethylene glycol glycidyl 
ethers. 
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C3F 17 CH2CH20(CH2CH20) n -CH2CHjCH2 



'0 



such as • , \ , 2,2-tetrahydroperf luorodecanyie thyiene giycoi 
glycidyi ether , 1 . ' . 2 . 2- tetrahydroperfluorodecany Id i ethylene 
glycol glycidyi ether. ' ,1, 2,2-tetrahydro- 
perf luorodecanyitriethyiene glycol glycidyi ether, and 
1 . : , 2 , 2-tetrahydroperf iuorodecanylpoiyethy 1 ene glycol gly- 
cidyi ether, glycidyi trimethyi ammonium chloride. 



C1(CH3)3NCK2CH-CK 2 




methyl carbamic glycidyi ostor. 




ethyl carbamic glycidyi eater, 



H5C2NHCOOCH2CH-CH2 



isopropyl carbamic glycidyi ester, 
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lt.c diethyiglycidyl aaine. 

■ ':c2K=)2:;CH2CK-::-:2 

/ 

0' 

Czr example. 

The r.cr.-ioagulatif.g liquid '.~ *hlch the modifying 
a.;er.t - * g c r i c 0 d a:cvs is added zir.r.oz te specified because 
it is vnriatie with the Kind cf :p:^inr dope zo form the 
riser mer.prar.e . When the cpinr.ir.g dope is cf a cellu- 
lose type. Tor example, the compounds whicr. are usable as 
the .-.on-coagulating liquid include iscprcpyl myristate , 
ethylhexyl alcohol, benzene . toluene, xyler.e. liquid paraf- 
fin . r,— d ode cane . r.-hexar.e , ras oil, i seamy 1 acetate, and 
^ercser.e, fcr example. 

Further . far the purpose of enhancing the solubility 
of tr.e mod: f yin* agent c:* the nature described above in the 
non-coagulating liquid, the idea of adding an organic sol- 
vent or a surfactant to the non-coagulating liquid say be 
conceived. In the case of the process for spinning regener- 
ated cellulose, for example, the organic solvent or the sur- 
factant to be added is preferable to possess high hydrc- 
philicity or a high boiling point. When the non-coagulating 
liquid contains a readily vaporizing substance in a large 
amount, it forms a cause for leak of the produced hollow fi- 
ber membrane during the 3tep of drying. The organic solvent 
or the surfactant, therefore, is preferable to be such that 
it passes into the water layer and ceases to exist in the 
non-coagulating liquid entrapped in the central cavity in 
tha hollow fiber membrane before the step of drying- When 
it persists in the central cavity, it Is preferable to be 
incapable of being readily evaporated. When the organic 
solvent or the surfactant has a high boiling point t this 
boiling point is not less than 70*C, preferably not less 
than 100°C. The surfactants which satisfy these requi. e- 
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n en: 3 ir.cl-ce s-jcr. ncnicnic s-rfactar.ts as rclyoxy ethylene 
poiycxyprcpyl ether, polycxyethyier.e alkylallyl ethers, ar.i 
pclycxyal*yl ethers, fer exarzcle. The crgar.ic scl/er.ts 
which satisfy these rec. uire=er.ts ir.cl-dc sethyl alcohol, 
ethyl alcchol, acetone, and tcluer.e. for example. 

The soliiifiec he 1 lew f : t e r =e=crar.e c^tair.ec as de- 
scribee a cove after the treatment fcr ccag-lat icr. is further 
treated cy the ccr.ver.t icr.al rethed cf effecting re-oval cf 
cepper after washing with water, the ::r. vent icr.al rethod cf 
effect ins resc-val of cepper after wasr.ir.g - - th water ar.c 
f jrther performing a treatment with ar. alkali after tr.e 
washing with water, cr the ccr.ver.t ier.al sethed cf carry..-.? 
cut the washing with water after the treatment with ar. alica- 
11 ar.c sjtse^uer.tly effect, r.g re=c . al cf cepper, tc give 
rise to the hollow ficer =e=crane air.ee: at. 

The r.e thec of this ir.ver.ticr. pro-uces ils effect 
sore preferably when the solidified hollow fiber semcrar.e 
resulting frcn all of the steps mentioned aoc^e is irmersei 
in an organic solvent which exhibits ccmpatitility to cctn 
the non-coagulating liquid and the sccifying agent. The 
step of this immersion may be inserted at any desired stage 
after the treatment for coagulation. For exaspie. (1) the 
method which comprises passing the fiber of spinning dope 
through the coagulating iiquid as descricsd atove. washing 
it with water, then immersing it in the organic solvent, 
washing it again with water, and subjecting it to the treat- 
ment for removal copper, (2) the method which comprise 
passing the fiber of spinning dope through the coagulating 
liquid, then treating it with an alkali, subsequently is- 
mersing it in the organic solvent, washing it again with wa- 
ter, and subjecting it to the treatment for removal of cop- 
per and (3) the method which comprises passing the fiber of 
spinning dope through the coagulating liquid, subjecting to 
the treatment for removal of copper, washing it with water, 
theri treating it with an alkali, and immersing it in the or- 
ganic solvent, for example, may be conceivable. 
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The organic solvent to be used for this immersion is 
required to possess compatibility both with the non- 
coagulating liquid and the modifying agent. The organic 
solvents which meet this requirement include lower alcohols 
such as ethanol, isopropanol, n-propanol, and butanols, ke- 
tones such as acetone, methylethyl ketone, and methylisobu- 
tyl ketone, and tetrahydr of uran, dioxane, acetoni trile , di- 
me thylsulf oxide , and dimethyl formamide, for example. 

The time of the immersion of the hollow fiber mem- 
brane in the organic solvent is only required to be enous- 
for the hollow fiber membrane to be thoroughly impregnated 
with the solvent. It is difficult to define because it is 
variable with the kind of solvent to be used, the material 
for the membrane, and the structure of membrane, for exam- 
ple. It is generally preferably to exceed 10 seconds and 
more preferably is in the range of 5 to 30 minutes. 

The treatment with an alkali is carried out by the 
conventional method. Generally, the alkali is desired to be 
sodium hydroxide or potassium hydroxide. The concentration 
of the alkali used for the treatment is in the range of 0.1 
to 15% by weight, preferably 0.1 to 2% by weight. The 
treatment for removal of copper is also carried out by the 
conventional method. Generally, this treatment is performed 
by the immersion in an aqueous solution of sulfuric acid, 
for example. 

Now, the present invention will be described more 
specifically below with reference to working examples. 
Example 1 

An aqueous cuprammonium solution was prepared by 
suspending 5,1M8 g of an aqueous 28$ ammonia solution and 
Q6H g of basic copper sulfate in 1,200 ml of water. To this 
aqueous cuprammonium solution was added 2,725 ml of an aque- 
ous 10% sodium sulfite solution. In the resultant solution, 
1.900 g of cotton linter pulp having a polymerization degree 
of about 1,000 ( ± 100) was stirred and dissolved and 1,600 
ml of an aqueous 10% sodium hydroxide solution was added 
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thereto, to give rise to an aqueous cup r ammonium cellulose 
solution (specific gravity 1.08) to be used as a spinning 
dope . 

Separately, in an apparatus configured as illustrat- 
ed in Fig. 1, trichlorotrif luoroethane was supplied as the 
non-coagulating liquid 3 to the non-coagulating liquid tank 
1 of the bath vessel 2 to form a lower layer therein and 
then an aqueous sodium hydroxide solution having a concen- 
tration of 50 g/lit. was supplied as the coagulating liquid 
thereto to form an upper layer therein. The spini ing dope 6 
mentioned above was led from the dope storage tank 5 through 
the filter 9 to the spinneret 25 having an annular spinning 
nozzle disposed as directed upwardly therein and then dis- 
charged the nitrogen pressure of 2.5 kg/cm2 through the 
spinning nozzle directly into the non-coagulating liquid 3 
of the lower layer kept at a temperature of 20° ± 2°C. 

The spinning nozzle had an orifice diameter of 3.8 
mm and the spinning dope [cell. 7.4J&, 1 .750 p (7.5°C)] was 
discharged at a rate of 6.^7 ml/min. At this time, iso- 
propyl rayristate containing 1 w/v % of 1,1,2,2- 
tetrahydroperf luorodecanyl polyethylene glycol glycidyl 
ether, 

C8H t y ( CH2CH2O ) n -CH2CH-CH2 
^0 



(n is an average of 6.5) as a compound possessing an epoxy 
group and 1 v/v % of methanol was introduced through a non- 
coagulating liquid inlet disposed in the spinneret 25 and 
discharged into the annularly discharged fiber of spinning 
dope m to be occluded therein. The inlet had a diameter of 
about 1.2 mm and the non-coagulating liquid was discharged 
at a rate of 2.6 ml/min. Then, the the fiber of spinning 
dope (containing the non-coagulating liquid) 14 was allowed 
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to ascend in trichlorotrif luoroethane and rise through the 
aqueous sodium hydroxide solution (20° ± 2°C) of the upper 
layer and was then deflected by the deflection bar 15 so as 
to continue the advance in the horizontal direction. In 
this case, the height, Li, of tho layer of tie non- 
coagulating liquid was 150 mm, the distance, 12* from the 
interface to the upper end of the deflection bar 15 was 15 
mm, and the spinning speed was 60 m/min. Thereafter, the 
fiber of spinning dope was treated bv the conventional meth- 
od f to produce a hollow fiber. . 

The hollow fiber thus obtained had an average inside 
diameter of 220 urn and an average wall thickness of 25 utrw 
By observation under a scanning electron microscope (pro- 
duced by Japan Electron Optics Laboratory Co., Ltd. and 
marketed under product code of f, JSM 840"), this hollow fiber 
was found to possess a homogeneous skinless texture through- 
out the entire wall thickness including the inner and outer 
surface regions. 
Example 2 

A hollow fiber was obtained by following the proce- 
dure of Example 1, except that isopropyl myristate contain- 
ing 5 w/v % of 1 , 1 ,2-2-tetrahydroperfluorodecanyl polyethyl- 
ene glycol glycidyl ether and 5 v/v % of methanol was used 
as the non-coagulating liquid to be occluded in the annular- 
ly discharged fiber of spinning dope. 
Control 1 

A hollow fiber was obtained by following the proce- 
dure of Example 1, excepting isopropyl myristate was used as 
the non-coagulat that liquid to be occluded in the annularly 
discharged fiber of spinning dope. 
Referential Example: 

A glass polymerization tube was charged with 0.25 
part of azobis-lsobutyronitrile as a polymerization initia- 
tor, 12.5 parts of methyl methacrylate, 25 parts of glycidyl 
raethacrylate, and 12.5 parts of hexaf luoroisopropyl 
methacrylate. This polymerization tube was cooled in lique- 
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fied nitrogen, evacuated of the entrapped air by a vacuum 
pump, displaced with nitrogen, evacuated again of the nitro- 
gen, and then jnelt sealed. This polymerization tube was 
heated in a constant temperature bath at 60°C until the con- 
tents thereof solidified. Then, the polymerization tube was 
cooled and opened. The contents were dissolved in tetrahy- 
drofuran and reprecipitated in methanol, to obtain a white 
polymer A. By the determination of the epoxy group content 
of this polymer, the glycidyl methacrylate content of this 
polymer was found to be 43.8* by weight. 
Example 3 

A solidified hollow fiber was obtained by Normann 
coagulation by following the procedure of Example 1 , except 
that isoamyl acetate containing 0.5 w/v % of the polymer 
(modifying agent) obtained in Referential Example was used 
as the non-coagulating liquid. This hollow fiber was washed 
with water for 12 minutes and then kept immersed in an aque- 
ous \% sulfuric acid solution for 13 minutes for removal of 
copper. It was further washed with water for 12 minutes to 
retain a hollow fiber. * The hollow fiber was kept immersed 
in an aqueous 0.5Jt sodium hydroxide solution for 10 minutes. 

This hollow fiber membrane was further kept immersed in ac- 
etone for 15 minutes for surface treatment, and subjected to 
the conventional glycerol treatment, dried, and washed with 
Fron for thorough removal of the non-coagulating liquid and 
the modifying agent from within the hollow fiber, to obtain 
a specimen. 
Example H 

A hollow fiber membrane was obtained by following 
the procedure of Example 3, except that the solidified hol- 
low fiber resulting from the Normann coagulation was kept 
immersed in an aqueous 0.5JC sodium hydroxide solution for 10 
minutes, kept immersed in ethanol for 15 minutes, washed 
with water for 12 minutes, and then kept immersed > in an 
aqueous 1JC sulfuric acid solution for 13 minutes for removal 
of copper. 
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Example 5 

A hollow fiber membrane was obtained by following 
the procedure of Example 3, except that the solidified hol- 
low fiber resulting from the Normann coagulation was washed 
with water for 12 minutes, then kept immersed in acetone for 
15 minutes, washed with water for 1 minutes, and kept im- 
mersed in an aqueous 1* sulfuric acid solution for 13 Bin-' 
utes for removal of copper. 
Control 2 

A hollow fiber membrane was obtained by following 
the procedure of Example 3, except that isoamyl acetate was 
used as the non-coagulating liquid to be occluded in the an- 
nularly discharged fiber of spinning dope. 

The hollow fiber membranes obtained in Examples 1 to 
5 and Controls 1 and 2 were cut open by insertion of a lon- 
gitudinal slit. The opened membranes were closely arranged 
side by side, with the formerly inner surfaces thereof 
turned upwardly, to prepare respective samples 1 cm x 1 cm 
in surface area. These samples were examined by the method 
of X-ray photoelectric -spectrometry (ESCA: with an instru- 
ment made by Japan Electron Optics Laboratory Co., Ltd. and 
marketed under product code of "JPS 90 SX») to determine the 
ESCA spectra of atoms on cellulose surface. The results 
were as shown in Fig. Z. The ratios of numbers of fluorine 
atoms were as shown in Table 1. 



Table 1 
Ratio of numbers of 
fluorine atoms (%) 



Example 1 7.0 

Example 2 1^.8 

Control 1 0-0 

Example 3 7*6 

Example H T.1 
Example 5 

Control 2 0.0 
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Aa described above, tho present invontion concerns a 
method for the production of a hollow fiber mombrano by tho 
steps of discharging a spinning dope through an annular 
spinning nozzle and, at the same timo, introducing a non- 
coagulation liquid for tho 

spinning dope into tho central cavity in a hollow fibor of 
tho spinning dope being discharged, and then introducing the 
discharged fiber of tho spinning dope into a coagulating 
liquid thereby solidifying the discharged fiber into a hol- 
low fibor membrane, which method is characterized by incor- 
porating a surface modifying agent in the non-coagulating 
liquid thereby modifying the inner surface behavior of the 
produced hollow fiber membrane. Thus, this invention proves 
highly advantageous economically because the modification of 
the inner surface of the hollow fiber membrane by a very 
simple procedure. Further, since the modifying- agent is in- 
corporated not in the spinning dope but in the coagulating 
liquid, the effect of the modifying ageno on the spinning 
dope's membrar.j-f orming property can be curbed to the full- 
est possible extent and the method itself enjoys wide selec- 
tivity of the modifying agent. 

In the method of this invention for the production 
of a hollow fiber mombrano, when the polymer destined to 
form the hollow fiber membrane is a compound possessing at 
least a hydroxyl group, an amino group, or a carboxyl group, 
preferably regenerated cellulose and the modifying agent is 
a compound containing a fluorine atom or a nitrogen atom, a 
compound containing an epoxy group or an isocyanate group, 
and/or a compound combining both a hydrophilic moiety and a 
hydrophobic moiety, the modification is attained more fully 
effectively. When the non-coagulating liquid contains a hy- 
drophilic solvent, preferably a lower alcohol or a surfac- 
tant, and more preferably a nonionic surfactant, the meth- 
od's selectivity of the modifying agent can be enlarged to a 
greater extent, rendering possible the impartation of de- 
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sired modification to the inner surface of the produced hol- 
low fiber membrane. 

Further t in the method of this invention for the 
production of a hollow fiber membrane, when the solidified 
hollow fiber membrane resulting from the treatment of coagu- 
lation is immersed in an organic solvent exnibiting compati- 
bility to both the non-coagulating liquid and the modifying 
agent, the organic solvent dissolves the modifying agent 
present in the non-coagulating liquid and the resultant so- 
lution settles on the inner surface of the membrane and in- 
creases the chance of the modifying agent being bound to the 
inner surface. This immersion in the organic solvent per- 
mits use of a modifying agent susceptible of decomposition 
by an alkali or an acid, 3uch as, for example, a modifying 
agent containing an ester bond, and eliminates the drawback 
otherwise causable as described above. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A method for the production of a hollow fiber 
membrane by the steps of discharging a polymer spinning dope 
through an annular spinning nozzle and, at the same time, 
introducing a non-coagulating liquid for the spinning dope into 
the central cavity in a hollow fiber of the spinning dope being 
discharged, and then introducing the discharged fiber of the 
spinning dope into a coagulating liquid thereby solidifying the 
discharged fiber into a hollow fiber membrane, which method 
comprises incorporating a surface modifying agent having both 
a hydrophilic moioty and a hydrophobic moiety in said non- 
coagulating liquid thereby modifying the inner surface 
behaviour of the produced hollow fiber membrane. 

2. A mothod according to claim 1, whcroin the polymer 
dontinrtd to form .aid hollow fiber membrane containn at leant 
a hydroxyl group, an amino group, or a carboxyl group. 

3. A method according to claim 2, wherein the polymer 
dnntinrvJ to form nnid ho How fiber mombrano lo regenerated 
cellulose. 

4. A method according to claim 1, wherein said 
modifying agent is a compound containing a fluorine atom or a 
nitrogen atom. 

5. A method according to claim 1, wherein raid 
modifying agent is a compound containing an epoxy group or an 
isocyanate group. 

6. A method according to claim 1, wherein said 
modifying agent combines both a hydrophilic moiety and a 
hydrophobic moiety. 

SI 
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7. ?. method according to claim 1, wherein said non- 
coagulating liquid contains a hydrophilic organic solvent, a 
surfactant or both. 

8. A method according to claim 7, wherein said 
hydrophilic organic solvent is a lover alcohol. 

9. A method according to claim 7, wherein said 
surfactant is a nonionic surfactant. 

10. A method for the production of a hollow fiber 
membrane by the steps of discharging a polymer spinning dope 
through an annular spinning nozzle and, at the same time, 
introducing a non-coagulating liquid for the spinning dope into 
the central cavity in a hollow fiber of the spinning dope being 
discharged, and then introducing the discharged fiber of the 
spinning dope into a coagulating liquid thereby solidifying the 
discharged fiber into a hollow fiber membrane, which method 
comprises incorporating a surface modifying agent having both 
a hydrophilic and a hydrophobic moiety in said non-coagule ting 
liquid thereby modifying the inner surface behaviour of the 
produced hollow fiber membrane and further immersing the 
solidified hollow fiber membrane resulting from the treatment 
for solidification in an organic solvent exhibiting 
compatibility to both the non-coagulating liquid and the 
modifying agent. 

11. A method according to claim 10, wherein the 
polymer destined to form side hollow fiber membrane contains at 
least a hydroxyl group, an amino group, or a carboxyl group. 

12. A method according to claim 11, wherein the 
polymer destined to form said hollow fiber membrane is 
regenerated cellulose. 

39- 
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13. A method according to claim 10, wherein said 
modifying agent is a compound containing a fluorine atom or a 
nitrogen atom. 

14. A method according to claim 10, wherein said 
modifying agent is a compound containing an epoxy group or an 
isocyanate group. 

15. A method according to claim 10, wherein .said 
modifying agent combines both a hydrophilic moiety and a 
hydrophobic moiety. 

16. A method according to claim 10, wherein aid 
organic solvent for immersion is selectee* from the group 
consisting of lower alcohols, ketones, tetrahydrofuran, 
dioxane, acetonitrile, dimethyl sulfoxide, and dimethyl 
f ormamide. 

17. A method for the production of a hollow fiber 
membrane comprises discharging a spinning dope through an 
annular spinning nozzle and, at the same time, introducing a 
non-coagulating liquid which incorporates a surface modifying 
agent having both a hydrophilic moiety and a hydrophobic moiety 
for the spinning dope into the central cavity, discharging a 
hollow fiber of the spinning dope, and then introducing the 
discharged fiber of the spinning dope into a coagulating 
liquid, thereby solidifying the discharged fiber into a hollow 
fiber membrane. 

18. A method according to cl.-im 1, wherein said hollow 
fiber membrane is hydrophilic and said surface modifying agent 
having both a hydrophilic moiety and hydrophobic moiety has a 
reactive group at the hydrophilic moiety. 

rn/ 
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